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Abstract 
The identification of agricultural drought vulnerability is an essential step in addressing the issue of drought 
vulnerability in the country and can lead to mitigation-oriented drought management. In this study, it developed an 
approach to estimate vulnerability to agricultural drought based on the expand grey relation analysis method 
(GRA).The new methodology consists of (1) developing the main influence factors of vulnerability to agricultural 
drought and converting them into quantitative indicators, (2) constructing the evaluation standards and their relative 
weights based on the collected data on the values of the indicators from 31 provinces and cities in China, (3) 
computing the vulnerability to agricultural drought of 31 provinces and cities in China in 2009 using expand GRA 
method. The results indicated that the vulnerability to agricultural drought in the southeast coast of China with more 
precipitation and irrigation is lower than the central areas; the most vulnerable areas are the west area with less 
precipitation and irrigation. Some measures for mitigating the vulnerability to agricultural drought in different areas 
were proposed.  
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1. Introduction 
Drought has become a frequent phenomenon in China in the last few decades. Recent drought events 
and the magnitude of agricultural drought losses indicate the continuing vulnerability of the country to 
agricultural drought. Drought is among the most multifaceted and least understood of all natural hazards, 
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affecting more people than any other hazard [1]. As the world agricultural country, drought is a major 
concern in parts of China where the losses caused by drought are very huge and the national food security 
has been threatened. Drought prevention and mitigation has become the important content of promoting 
economic and social sustainable development [2]. According to the system disaster theory, the hazard- 
formative environmental stability, the hazard risk and the hazard affected bodies’ vulnerability constitute 
the function system of disaster [3]. Hazard affected bodies’ vulnerability is one of the most important 
causes of disaster, the more vulnerable of the Hazard affected bodies, the greater losses with the same 
hazard [4]. The vulnerability to agricultural drought means that the extent of agriculture potential 
sensibility to the drought threat [5]. Research on the vulnerability to agricultural drought is of great 
significance to mitigate drought losses and guarantee the national food security. 
There are two kinds of methods to assess the vulnerability to agricultural drought at present. One of 
them is comprehensive evaluation method based on index system. Namely, take the agricultural system as 
the hazard affected body and construct a series of vulnerability indicators, the corresponding evaluation 
standard also need establish through expert consultation or scientific argument, then analytic hierarchy 
process(AHP) [5]or projection pursuit method[6] are applied to evaluate and determine the vulnerability  
level of an area. Another one is the vulnerability curve method which is a statistical analysis method. 
Firstly, get the data of drought intensity and the corresponding losses using the crop model or field trial 
method; then establish the relationship between them through statistical analysis and draw the drought 
extensity-losses curve which is the vulnerability curve. This method is very difficult because the 
agricultural system is very complex and uncertainly, so the comprehensive evaluation method is more 
widely used. Although some scholars make some achievements on vulnerability to agricultural drought 
assessment in regional scale[5]、[7]，assessing the vulnerability to agricultural drought in the national 
scale is relatively lack and forming a set of perfect evaluation index system still need to be further 
exploration, especially the comprehensive evaluation method are very complicate . In this study, the main 
influence factors of vulnerability to agricultural drought were analyzed in China, and then the evaluation 
indicators and standards were established, the expand GRA method was used to assess the vulnerability to 
agricultural drought in 31 provinces and cities in China and the results can provide a scientific reference 
to make drought prevention and mitigation measures for different areas. 
2. Data and Methods 
2.1. Evaluation indicators for vulnerability to agricultural drought 
The vulnerability of hazard affected bodies is impacted by natural condition, the exposure of 
themselves, the sensitivity to hazard, the structural vulnerability and the social economic factors. The 
impacts of natural condition, agricultural characteristic and the social economic should be considered 
when the vulnerability evaluation indicators were established. At the same time, the representative, 
practicability and maneuverability principle should also been followed. 
2.1.1. Natural condition indicators 
 The annual precipitation (X1). The vulnerability to agricultural drought is closely related to the 
annual precipitation. Generally speaking, the less rainfall the greater risk and the higher vulnerability 
to drought under the same condition in an area. 
 The annual average temperature (X2). The temperature has great impact on the crop 
evapotranspiration. In general, the higher the temperature is, the greater the evaporation, therefore, the 
crops are easier influenced by drought and the vulnerability is much higher. 
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 Vegetation coverage (X3). Soil conditions are very important influencing factors to agricultural 
vulnerability to drought. However, the soil water movement is relatively too complex to quantify, and 
the vegetation cover is benefit for water and soil conservation, we consider that the vegetation 
coverage index can reflect the soil water condition to some extent. 
2.1.2. Agricultural characteristic indicators 
 Total crop planting area (X4). Total crop planting area is an indicator which can reflect the 
exposure degree of hazard affected body, the greater the crop planting area, the greater exposure 
degree of hazard affected body and the more vulnerable to drought. 
 The planting proportion of low water consumption crops (X5). The crop variety and plant 
proportion are important factors reflecting the sensitivity to blow of hazard affected body. The 
structural fragile can also be reflected. The low water consumption crop planting proportion can reflect 
them comprehensively. According to the transpiration coefficient of common crops from small to large: 
corn, potato, cotton, linen, wheat, sunflower, hay, vegetables, and rice [8]. We choose corn, potato, 
cotton and linen as the relatively low water consumption crops. 
2.1.3. Social economic indicators 
 Agricultural water conservancy degree (X6). Agricultural water conservancy degree means the 
proportion of effective irrigation areas accounting for the farmland areas. It can reflect the droughts 
resistance in a region. Areas with lower agricultural water conservancy degree have much greater 
vulnerability. 
 Per capita net income of farmers (X7). Per capita net income of farmers is associated with the 
ability of disaster reduction input. Areas with lower income have lower drought reducing input. 
 Population density (X8). Population density can reflect the influence of domestic water to 
irrigation water in some degree. Areas with high population density have more domestic water need, 
and the irrigation water would be diverted under drought condition, which will increase the 
vulnerability to agricultural drought. 
 Fertilizing amount per unit area of farmland (X9). Fertilizing amount per unit area of farmland is 
an important factor that affects the soil structure and fertility. Fertilizer can improve the soil structure 
and water use efficiency, and decrease the vulnerability to agricultural drought in a certain degree.  
2.2. Data sources of study areas 
Take China as the study areas and the vulnerability of 31 provinces and cities (excluding Hong Kong, 
Macao and Taiwan) in China in 2009 was analyzed. Raw data on vulnerability evaluation indicators were 
collected from the China statistical yearbook 2010. The precipitation, disaster area and total crop planting 
area which analyzed in section 3 were also collected from the China statistical yearbook 2010, and 
average annual precipitation was collected from the China water resources bulletin 2009. 
2.3. The evaluation standards and relative weights 
Evaluation standard is a decisive factor of results. There are no unified and normative standard of 
vulnerability to agricultural drought assessment at present. The main objective of the paper is analysis the 
relative vulnerability to agricultural drought of 31 provinces and cities in China. So the present situation 
data should be the foundation of establishing evaluation standard. For the index less affected by human in 
short term such as precipitation and temperature, the average annual value was taken as a foundation; and 
for other indicators, the data in 2009 were used to establish the standard. The vulnerability will be divided 
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into five grades; grade Ⅰ means the smallest vulnerability and grade Ⅴ indicates the greatest 
vulnerability which has the weakest resist to drought. Assume that each index is normally distributed, and 
then put them in order from good to inferior, the grade Ⅰ, Ⅱ, Ⅲ, Ⅳ, Ⅴ is classified by accounting 
for10%,20%,30%,20% and 10% share. 
Weight determination is one of the core problems of comprehensive evaluation. There are a lot of 
common methods such as the average weight method; deviation weight method; the optimal weight 
method; entropy method and relative comparison method. Among them, the relative comparison method 
is simple and applied widely. The method was applied to determine the weight of vulnerability indicators 
in this study. The evaluation standard and weight of each index was shown in table 1.  
Table.1 The evaluation standard and weight of vulnerability indicators to agricultural drought  
Grade 
X1/mm X2/℃ X3/% X4/(km2) X5/% X6/% X7/(￥/per) X8/(per/km2) X9(t/km2) 
（≥） （≤） （≥） （≤） （≥） （≥） （≥） （≤） （≥） 
Ⅰ 1400 8 50 5000 45 75 8000 70 70 
Ⅱ 1000 13 35 35000 35 65 5000 180 55 
Ⅲ 700 17 20 60000 15 40 4500 300 35 
Ⅳ 400 19 12 90000 9 30 3500 550 20 
Ⅴ 200 25 4 120000 2 20 3000 1000 10 
Weight 0.18 0.08 0.06 0.13 0.1 0.24 0.1 0.05 0.06 
2.4. Calculation of Vulnerability by expand GRA  
Gray relation analysis is a multivariate statistical analysis method. It has the advantages of simple, 
univocal and easy to be used. It can also make full use of all the basic data and not loss information in the 
evaluation process. However, evaluation standard is interval, the traditional GRA exist subjectivity when 
a representative value is chosen from the relative sequence to calculate the correlative coefficient with the 
reference sequence. The expand GRA [9] take the relative sequence as an interval which can avoid the 
problem. Therefore, the expand GRA method was chosen to evaluate the vulnerability to agricultural 
drought in China. 
2.4.1. Determine the reference sequence and relative sequence   
According to the 9 established evaluation indicators in section 2.1 and the collected data of 31 regions, 
take the original data sequence as the reference sequence, expressed by )31,...,3,2,1;9,...,3,2,1()},({ 0  hkkx h , 
which means the indicator k in region h. And the corresponding evaluation standard was considered as the 
relative sequence, expressed by )5,4,3,2,1i;9,...,3,2,1k)],...}(2(x),2(x[)],1(x),1(x{[)]}k(x),k(x{[ iiiiii  , 
Where )(),( kxkx ii indicate the lower limit and upper limit of grade i of the indicator k, 
and )()( 1 kxkx ii  . 
However, there are some things need to be noticed. Each indicator and its standard should be 
dimensionless processing through dividing by the maximum to eliminate the magnitude differences. For 
the grade Ⅱ, Ⅲ and Ⅳ, the adjacent grade on the left and right was taken as the interval left and right 
endpoints value; for the grade Ⅰ and Ⅴ which have no adjacent grade on the left or right, the maximum 
or minimum value in all the 31 regions was taken as the endpoint value.  
2.4.2. Calculate the correlative coefficient  
For any area h, we defined the distance between the point )(0 kx h  and the interval )](),([ kxkx ii  as 
equation (1), 
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i0
2
i0ii00h,i (k))x(k)(x(k))x(k)(x2
2(k)]}x(k),x(k),{[D(xD                                                  (1) 
Then the correlative coefficient of the relative sequence and the reference sequence is calculated as 
equation (2), 
maxh,i0
maxmin
iih0
ρDD
ρDD(k)]x(k),x(k),[γ(x


                                                                                                           (2) 
Where )](),([),(( 0 kxkxkx iih  indicates the correlative coefficient of the relative sequence and 
reference sequence, )(maxmax ,0max kDD ihki
, )(minmin ,0min kDD ihki
; ρ means the resolution 
coefficient, which always between 0 and 1, generally, ρ=0.5. 
2.4.3. Calculate the grey relational grade and determine vulnerability degree 
Weighted summation of each indicator to calculate the grey relational grade as equation (3), 
)5,4,3,2,1i()],k(x),k(x[),k(x()x,x( iih0
9
1k
kih0 

                                                            (3) 
Where k  indicates the weight of indicator k. put in order according to the calculated grey relational 
grade from large to small, the larger the value, the closer the relation. So the grade of the largest is the 
evaluation result. For example, if the ),( 0 ih xx  of region h is the largest, the vulnerability of agricultural 
drought is grade i.  
3. Results and Discussion 
The results of agricultural drought vulnerability of 31 provinces and cities in China in 2009 were 
calculated based on the method in section 2 (shown in Fig.1).  
  
Fig. 1 Results of vulnerability to agricultural drought of 31provinces and cities in China in 2009 (left)                          
Fig.2 Hazard ratio and surface precipitation percentage of 31 provinces and cities in China in 2009 (right) 
We can see that provinces and cities with grade Ⅰ and Ⅱ which indicate small vulnerability are 
Beijing, Tianjin, Shanghai, Zhejiang, Jiangsu, Fujian, Guangdong, Hainan, Xinjiang, respectively. These 
provinces and cities (of 23% of total area) mainly locate in the southeast coast of China where are rich in 
water resources or developed economic level. Although Xinjiang province locates in the west of China 
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with little precipitation and economically underdeveloped, the vulnerability is still low. Because the 
agricultural water conservancy degree is very large to 89.1% which is second only to Beijing and the low 
water consumption crop planting proportion is small. There are 12 provinces and cities in grade Ⅲ (of 
32% of total area) which are Hebei, Liaoning, Jilin, Anhui, Jiangxi, Shandong, Henan, Hubei, Hunan, 
Guangxi, Chongqing and Tibet. They mainly locate in the central areas of China with relat ively abundant 
rainfall, high levels of economic development and high agricultural water conservancy degree. Tibet 
locates in the west with little rainfall but has small total crop planting area and agricultural water 
conservancy degree up to 65%, consequently, the vulnerability is small. Other 10 provinces and cities 
such as Shanxi, Inner Mongolia, Heilongjiang, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, Qinghai and 
Ningxia which account for 45% of total area are in grade Ⅳ and V. They mainly distribute in the western 
region of China with little rainfall, high total crop planting area, low agricultural water conservancy 
degree and low levels of economic development. 
Considering subjective judgments are involved in choosing the relative weights of different variables, 
comparison with the observations from case study regions need to do. As mentioned above, the drought 
loss is the result of the hazard factor and vulnerability. The ratio of disaster area account for total crop 
planting area can be used to reflect the drought loss and the surface precipitation percentage can be taken 
as the hazard intensity index. Analysis of the relative role can reflect the vulnerability to agricultural 
drought indirectly. The ratio of disaster area account for total crop planting area (hazard ratio) and the 
surface precipitation percentage in 2009 of 31 provinces and cities in China was shown in Fig.2. We can 
see that the regions in grade Ⅰ and Ⅱ has very low hazard ratio even thought the surface precipitation 
percentage is very low. Take Beijing for example, the precipitation in 2009 is 25% lower than average 
level, but the hazard ratio is only 0.3%. The hazard ratio in Tianjin, Shanghai and Hainan almost go to 
zero. The hazard ratio of regions in grade Ⅲ is lower than 5% which is relative small expect Liaoning, 
Jilin and Hebei provinces. Too large of the hazard intensity may be the main important reason; the surface 
precipitation percentage of the three provinces is 10% to 20% lower than average year as shown in Fig.2. 
The hazard ratio of regions in Ⅳ and V is much larger, for instance, 25% and 27% in Shanxi and Inner 
Mongolia, respectively. Some areas such as Heilongjiang, Shaanxi still have a very large hazard ratio 
even though the rain is much more than average year which show that the vulnerability to agricultural 
drought in these areas are very great, in other words, agriculture in these areas are easy to influent by 
drought. 
Overall, the vulnerability to agricultural drought in China is not optimistic. Some corresponding 
strategies have to make to reduce the vulnerability and improve the ability of drought resist. On one hand, 
the vulnerability to agricultural drought in a region depends on matching degree of the local agriculture 
and natural condition; on the other hand, they are influenced by the local social and economic 
development level. However, it is difficult to change the natural condition of a region in a short term, so 
we need to adjust the agricultural planting structure to adapt to the local natural conditions. For instance, 
for the Inner Mongolia, Gansu, Ningxia, Qinghai provinces which locate in the west of China and lack 
water resources, the low water consumption crop planting proportion need to improve to match the local 
environment. The social economic factors are important factors to affect the agricultural drought 
vulnerability, all the regions should make great efforts to develop economy and enhance economic 
strength, to increase the farmers’ income and the input of agricultural science and technology, to raise the 
agricultural water management level and improve the agricultural water efficiency. We should take 
different measures in different conditions. For example, for Henan, Shandong provinces which have large 
population density should control population excessive growth to relieve the contradiction between 
agriculture and domestic; for Jilin, Liaoning, Heilongjiang, Guizhou, Yunnan and other provinces which 
have low agricultural water conservancy degree should pay more attention to water conservancy and 
expand the effective irrigation area.  
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4. Conclusion 
In this paper we have used the expand Grey Relation Analysis methodology to compute and analyze 
the vulnerability to agricultural drought in 31 provinces and cities in China. The results indicated that the 
vulnerability to agricultural drought in the southeast coast of China with more precipitation and irrigation 
is lower than the central areas; the most vulnerable areas are the west area with less precipitation and 
irrigation. Comparison between the assessment results and the observations indicates that the 
methodology is feasible and reasonable. As compared to many other current approached to agricultural 
drought vulnerability assessment, the methodology developed in this study base on expand GRA have the 
advantages of simple, univocal and easy to be used. The problems such as not making full use of all the 
basic data and losing information in the evaluation process are avoided. Subjectivity existed in choosing a 
representative value from the evaluation standard interval is also overcome because the evaluation 
standards are taken as an interval when the vulnerability to agricultural drought computed. In conclusion, 
the approach presented here helps to improve the assessment of vulnerability to agricultural drought and 
the assessment results of 31 provinces and cities in China can guide for drought management strategies 
for mitigation purposes for decision makers.  
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